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CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not Applicable

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT

[0002] Not Applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The present invention relates generally to semiconductor packages, and more

particularly to a semiconductor package having comers which are reinforced in a manner

reducing occurrences of chip-out in the package body of the semiconductor package, and a

method of manufacturing such semiconductor package.

2. Description of the Related Art

[0004] Semiconductor dies are conventionally enclosed in plastic packages that provide

protection from hostile environments and enable electrical interconnection between the

semiconductor die and an underlying substrate such as a printed circuit board (PCB) or

motherboard. The elements of such a package include a metal leadframe, an integrated circuit or

semiconductor die, bonding material to attach the semiconductor die to the leadframe, bond

wires which electrically connect pads on the semiconductor die to individual leads of the

leadframe, and a hard plastic encapsulant material which covers the other components and forms

the exterior of the semiconductor package commonly referred to as the package body.
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[0005] The leadframe is the central supporting structure of such a package, and is typically

fabricated by chemically etching or mechanically stamping a metal strip. A portion of the

leadframe is intemal to the package, i.e., completely surrounded by the plastic encapsulant or

package body. Portions of the leads of the leadframe extend externally from the package body or

are partially exposed therein for use in electrically connecting the package to another component.

[0006] In the electronics industry, hand held portable applications such as cell phones,

PDA's (Personal Digital Assistants), Bluetooth, and IMT2000 require semiconductor packages

which are progressively smaller and lighter, yet of increasing performance. In many of the

above-described conventional semiconductor packages wherein portions of the leads are partially

exposed within the package body, such leads are typically included along only the peripheral

edge of the package body. To meet the requirements of current hand held portable applications,

the semiconductor packages used therein must have higher electrical performance and

functionality, and thus increased numbers of leads which are electrically connectable to an

extemal device. Although it has been suggested in the prior art to narrow the pitch of the leads

formed at the periphery of the bottom surface of the package body to increase the number of

leads, there are physical limitations in narrowing the lead pitch during the manufacture of the

leadframe. Also, excessive narrowing in the lead pitch gives rise to a susceptibility of solder

shorting between the leads when the semiconductor package is connected to an extemal device

through the use of solder.

[0007] Other currently known semiconductor package designs provide increased number of

leads by arranging the leads on a common surface of the package body in multiple rows and

columns. However, the manufacturing methodology associated with such semiconductor

package designs typically involves the completion of a sawing process wherein a saw blade is

advanced completely through portions of the leadframe and partially into portions of the package

body of the semiconductor package. More particularly, the advancement of the saw blade

through portions of the leadframe effectively electrically isolates such portions from each other

in a manner facilitating the formation of multiple columns and rows of leads. However, as a

result of the sawing or singulation of the leadframe to facilitate the formation of the leads, the

saw blade must necessarily cut into the package body as well. In this regard, the sawing process

often gives rise to occurrences of chip-out or cracking in one or more of the four comers of the
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package body (which is typically square or rectangular), such chip-out or cracking being

attributable to stress being concentrated on the four comers of the package body.

[0008] In those semiconductor package designs wherein multiple sets of leads are arranged

to extend fully or partially about a die pad of the leadframe, a punch (as opposed to a saw)

singulation process is sometimes used during the fabrication of such semiconductor packages to

separate adjacent semiconductor packages arranged in a matrix from each other, a saw

singulation process still being employed to electrically isolate portions of the leadframe from

each other in a manner defining multiple sets of the leads. Similarly, in semiconductor package

designs which include only a single set of leads extending fully or partially about the die pad of

the leadframe, a punch singulation process is often employed as an altemative to a saw

singulation process to effectively separate adjacent semiconductor packages arranged in a matrix

from each other. When punch singulation is employed, the punch is typically configured such

that each of the four comers of the package body is chamfered as a result of the punching

operation. However, in the punch singulation process, the magnitude ofthe impact applied to the

four comers of the semiconductor package attributable to the physical friction between the punch

or singulation tool and the encapsulant material which forms the package body still results in

occurrences of chip-out and cracking in the comers of the package body. In certain instances,

the leads of the semiconductor package disposed in close proximity to each of the four comers of

the package body may be completely separated from the package body as a result of the punch

singulation process. The present invention addresses the chip-out and cracking problems that

frequently arise as a result of the completion of punch and/or saw singulation processes on the

package bodies of semiconductor packages which include either a single set or multiple sets of

leads. More particularly, in accordance with the present invention, each of the four comer

regions of the semiconductor package is reinforced to prevent the above-described occurrences

of chip-out and cracking. These and other features of the present invention will be described in

more detail below.

BRIEF SUMMARY OF THE INVENTION

[0009] In accordance with the present invention, there is provided multiple embodiments of a

semiconductor package which is specifically configured to prevent occurrences of chip-out and

cracking in the comer regions of the package body which normally occurs as a result of stress
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concentrations therein. More particularly, in the present invention, such chip-out and/or cracking

is prevented by providing either chamfers or recesses at or within each of the four comer regions

of the package body. In each embodiment of the present invention, the tie bars extend to either

the chamfer or the recess included at each comer region. In the embodiment of the present

invention including the chamfer at each comer of the package body, each tie bar is provided with

at least one aperture which is located in close proximity to the corresponding chamfer. Such

aperture is filled with the encapsulation material which hardens into the package body, the flow

of the encapsulation material through the aperture facilitating a firm mechanical interlock

between the tie bar and the package body. Such mechanical interlock provides a higher degree

of support to the package body at each comer region thereof, thus assisting in the prevention of

the chip-out and/or cracking problem.

[0010] The present invention is best understood by reference to the following detailed

description when read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These, as well as other features of the present invention, will become more apparent

upon reference to the drawings wherein:

[0012] Figure lA is a top perspective view of a semiconductor package constracted in

accordance with a first embodiment of the present invention;

[0013] Figure IB is a bottom perspective view of the semiconductor package of the first

embodiment shown in Figure 1A;

[0014] Figure IC is a cross-sectional view of the semiconductor package of the first

embodiment taken along line 1-1 of Figure lA;

[0015] Figure ID is a cross-sectional view of the semiconductor package of the first

embodiment taken along line 2-2 of Figure lA;

[0016] Figure IE is a top plan view of the semiconductor package of the first embodiment

with the package body thereof being partially removed to depict the intemal semiconductor die

and conductive wires of the semiconductor package;

[0017] Figure 2A is a top perspective view of a semiconductor package constmcted in

accordance with a second embodiment ofthe present invention;
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[0018] Figure 2B is a bottom plan view of the semiconductor package of the second

embodiment shown in Figure 2A;

[0019] Figure 2C is a cross-sectional view of the semiconductor package of the second

embodiment taken along line 3-3 of Figure 2A;

[0020] Figure 2D is a cross-sectional view of the semiconductor package of the second

embodiment taken along line 4-4 of Figure 2A;

[0021] Figure 2E is a top plan view of the semiconductor package of the second embodiment

with the package body thereof being partially removed to depict the internal semiconductor die

and conductive wires of the semiconductor package;

[0022] Figures 3A-3F illustrate an exemplary sequence of steps which may be used to

facilitate the fabrication of the semiconductor package of the first embodiment shown in Figures

lA-lE; and

[0023] Figures 4A-4F illustrate an exemplary sequence of steps which may be used to

facilitate the fabrication of the semiconductor package of the second embodiment shown in

Figures 2A-2E.

[0024] Common reference numerals are used throughout the drawings and detailed

description to indicate like elements.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Referring now to the drawings wherein the showings are for purposes of illustrating

preferred embodiments of the present invention only, and not for purposes of limiting the same,

Figures lA-lE illustrate a semiconductor package 100 constructed in accordance with a first

embodiment of the present invention. Semiconductor package 100 comprises a leadframe

including a die paddle 110 having a generally planar first (top) surface 111 and an opposed,

generally planar second (bottom) surface 112. In addition to the first and second surfaces 110,

112, the die paddle 110 includes a partially etched surface 113 which is disposed in opposed

relation to the first surface 1 1 1 and circumvents the second surface 112. More particularly, the

etched surface 113 is perpendicularly recessed relative to the second surface 112. The etched

surface 1 13 is used to increase the bonding or adhesion force between the package body of the

semiconductor package 100 and the die paddle 110, as will be discussed in more detail below.

-5-



Attorney Docket No.: AMKOR-095A/0309043

The die paddle 110 preferably has a generally quadrangular shape (e.g., square, rectangular)

defining four sides or peripheral edge segments, and hence four comers.

[0026] In addition to the die paddle 110, the leadframe of the semiconductor package 100

comprises a plurality of tie bars 120 which are integrally connected to and extend diagonally

from each of the four corners of the die paddle 1 10. Each of the tie bars 120 defines a generally

planar first (top) surface 121 and an opposed, generally planar second (bottom) surface 122. The

first surface 121 of each tie bar 120 extends in substantially flush or continuous relation to the

first surface 111 of the die paddle 110. Similarly, the second surface 122 of each tie bar 120

extends in substantially flush or continuous relation to the partially etched surface 1 13 of the die

paddle 110. Accordingly, the thickness of each tie bar 120 (i.e., the distance between the first

and second surfaces 121, 122 thereof) is less than the maximum thickness of the die paddle 1 10

(i.e., the distance between the first and second surfaces 111, 112 thereof). Disposed within each

of the tie bars 120 is at least one, and preferably multiple apertures 123. The aperture(s) 123 in

each tie bar 120 extend(s) firom the first surface 121 to the second surface 122 thereof Such

aperture(s) 123 may be provided in any one of various shapes, including circular, triangular,

quadrangular, etc, the present invention not being limited to any specific shape for the apertures

123. Each tie bar 120 preferably includes three apertures 123 formed therein. However, those of

ordinary skill in the art will recognize that greater or fewer than three apertures 123 may be

formed in each tie bar 120. It is contemplated that the sole aperture 123 formed in each tie bar

120 or one of multiple apertures 123 formed therein will be disposed in close proximity to the

outer, distal end surface 124 of the corresponding tie bar 120, as will be described in more detail

below.

[0027] In addition to the die paddle 110 and tie bars 120, the leadframe of the semiconductor

package 100 comprises a plurality of leads 130, 140. The leads 130 are arranged in an inner set

which circumvents the die paddle 1 10, with the leads 140 being arranged in an outer set which

circumvents the leads 130 of the inner set. More particularly, the leads 130 of the inner set are

segregated into four inner groups, with each of the inner groups including a total of six leads

130. Each inner group of the leads 130 extends along and in spaced relation to a respective one

of the peripheral edge segments of the die paddle 110. Additionally, each adjacent pair of the

inner groups of leads 130 is separated from each other by one of the tie bars 120. The leads 140

of the outer set are themselves segregated into four outer groups, each of the outer groups
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including a total of eight leads 140. The leads 140 of each outer group other than for those

included at each end thereof are aligned with and spaced from respective ones of the leads 130 of

the corresponding inner group. Like the inner groups of leads 130, each adjacent pair of the

outer groups of leads 140 is separated by one ofthe tie bars 120. The leads 130, 140 of the inner

and outer sets each have a quadrangular configuration, with the leads 140 of the outer set being

slightly larger than those of the inner set. Those of ordinary skill in the art will recognize that the

leads 130, 140 of the inner and outer sets may have differing shapes, and that each inner and

outer group of the leads 130, 140 may be provided in numbers fewer or greater than those

indicated above.

[0028] In the leadframe of the semiconductor package 100, each of the leads 130 defines a

generally planar first (top) surface 131, and an opposed, generally planar second (bottom)

surface 132. The first surface 131 of each lead 130 extends in generally co-planar relation to the

first surface 111 of the die paddle 110. Similarly, the second surface 132 of each lead 130

extends in generally co-planar relation to the second surface 1 12 of the die paddle 1 10.

[0029] Similarly, each of the leads 140 has a generally planar first (top) surface 141 and an

opposed, generally planar second (bottom) surface 142. The first surface 141 of each lead 140

extends in generally co-planar relation to the first surface 1 1 1 of the die paddle 110. The second

surface 142 of each lead 140 extends in generally co-planar relation to the second surface 1 12 of

the die paddle 110.

[0030] In the leaframe of the semiconductor package 100, the die paddle 110, the tie bars

120, and the leads 130, 140 may be made of copper, a copper alloy, copper plated steel, or an

equivalent thereof. However, those of ordinary skill in the art will recognize that the present

invention is not limited to any particular material for the leadframe of the semiconductor package

100.

[0031] The semiconductor package 100 of the first embodiment fiirther comprises a

semiconductor die 150 which includes a generally planar first (top) surface 151, and an opposed,

generally planar second (bottom) surface 152. Disposed on the first surface 151 of the

semiconductor die 150 in close proximity to the peripheral edge thereof is a plurality of bond

pads 153. The second surface 152 of the semiconductor die 150 is attached to the first surface

1 1 1 of the die paddle 110 through a layer 160 of die attach material.
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[0032] In the semiconductor package 100, a plurality of conductive wires 170 are used to

electrically connect the bond pads 153 of the semiconductor die 150 to respective ones of the

leads 130, 140. More particularly, the conductive wires 170 extend from the first surfaces 131 of

the leads 130 to respective ones of the bond pads 153, and from the first surfaces 141 of the leads

140 to respective ones of the bond pads 153. The conductive wires 170 may be made from

aluminum, gold, copper, or an equivalent material, though the present invention is not limited to

any particular material for the conductive wires 170.

[0033] The semiconductor package 100 ftirther comprises a package body 180 which at least

partially covers or encapsulates the die paddle 110, the tie bars 120, the leads 130, 140, the

semiconductor die 150, and the conductive wires 170. The package body 180 defines a lower

surface 181, and four side surface segments. Each adjacent pair of the side surface segments is

separated from each other by a chamfer 182, the package body 180 thus including a total of four

chamfers 182. In the semiconductor package 100, the second surface 1 12 of the die paddle 1 10,

the second surface 132 of each of the leads 130, and the second surface 142 of each of the leads

140 are exposed in and substantially flush with the lower surface 181 of the package body 180.

The package body 180 fiirther includes multiple (i.e., four) isolation trenches 183 which are

formed in the lower surface 181 thereof The isolation trenches 183 are arranged in a generally

square pattern, with each trench 183 separating the leads 130 of each inner group from the leads

140 of the corresponding outer group. Thus, the trenches 183 effectively separate the leads 130

of the inner set from the leads 140 of the outer set.

[0034] As seen in Figures IC and ID, the trenches 183 are formed in the package body 180

such that each of the leads 130 defines a side surface 133 which is exposed in and substantially

flush with a corresponding surface of a respective one of the trenches 1 83. Similarly, each of the

leads 140 defines a side surface 143 which is exposed in and substantially flush with a

corresponding surface of a respective one of the trenches 183. As is best seen in Figure IB, the

opposed ends of each of the trenches 183 extend to respective ones of a corresponding pair of the

chamfers 182 formed at each of the four comers of the package body 180.

[0035] The package body 180 of the semiconductor package 100 is formed as a resuh of the

hardening of an encapsulant material which is applied to the die paddle 110, tie bars 120, leads

130, 140, semiconductor die 150 and conductive wires 170 as indicated above. As best seen in

Figure ID, this encapsulant material flows through each of the apertures 123 of the tie bars 120,
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thereby facilitating a firm mechanical interlock between the package body 1 80 and the tie bars

120. Additionally, as a result of the formation of the isolation trenches 183 in the package body

180, the outer, distal portion of each tie bar 120 is severed or separated from the remainder

thereof The resultant opposed pair of cut surfaces of each tie bar 120 are themselves exposed in

and substantially flush with corresponding surfaces of a respective pair of the isolation trenches

183. The outer end surface 124 of each tie bar 120 is itself exposed in and substantially flush

with a respective chamfer 182 of the package body 180. The flow of the encapsulant material

over the etched surface 1 13 of the die paddle 110 facilitates a firm mechanical interlock between

the die paddle 1 10 and the package body 180.

[0036] It is contemplated that the isolation trenches 183 will be formed through the

completion of a saw singulation process, with a punch singulation process being employed to

facilitate the complete separation of the semiconductor package 100 from other semiconductor

packages 100 arranged in a common matrix. Thus, the punching operation will impart to the

package body the eight-sided profile shown in Figures lA and IB, i.e., the four side surface

segments and the four chamfers 182. As a resuh of such punch singulation process, the outer

end of each lead 140 is exposed in and substantially flush with a respective peripheral side

surface segment of the package body 180, in addition to the outer end surface 124 of each tie bar

120 being exposed in and substantially flush with a respective chamfer 182 as indicated above.

As ftirther seen in Figure ID, the apertures 123 are preferably oriented within each tie bar 120

such that one aperture 123 of each tie bar 120 is disposed between the trench 183 and the

corresponding outer end surface 124. The filling of the apertures 123 with the encapsulant used

to form the package body 180 and tight mechanical interlock facilitated thereby prevents

chipping out and cracking which may otherwise occur in the chamfers 182 as a result of the

punch singulation process. In this regard, the apertures 123 of each tie bar 120, at least one of

which is formed in very close proximity to a corresponding chamfer 182, greatly improves the

bonding force between the package body 180 and the leadframe of the semiconductor package

100, thereby preventing chip-out and cracking which may otherwise occur at the chamfers 182 of

the package body 180. Those of ordinary skill in the art will recognize that such chip-out and

crack prevention characteristics are also provided even if a saw singulation process is employed

as an alternative to a punch singulation process to separate adjacent semiconductor packages 100

arranged in a matrix from each other.
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[0037] Referring now to Figures 3A-3E, there is shown an exemplary sequence of steps

which may be used to facilitate the fabrication of the semiconductor package 100 of the first

embodiment of the present invention. The initial step of the fabrication method comprises

providing the leadframe of the semiconductor package 100 (Figure 3A). The leadframe includes

an outer frame (not shown) having the die paddle 110 disposed in the approximate center thereof.

The die paddle 110 is integrally connected to the outer frame by the four tie bars 120 which, as

indicated above, extend diagonally from respective comers of the die paddle 110. Also

integrally connected to the outer frame of the leadframe is a plurality of leads 130'. The leads

130' are segregated into four sets, with the leads 130' of each set extending toward a respective

one of the four peripheral edge segments defined by the die paddle 1 10. The leads 130' of each

set are of unequal lengths, with the outermost pair of leads 130' of each set being shorter than the

remaining leads 130' of the same set. Those leads 130' of each set of greater length each define

an inner, distal end which is disposed in spaced relation to a respective peripheral edge segment

of the die paddle 110. The outermost pair of leads 130' of each set extend to and are spaced

from respective ones of the four tie bars 120.

[0038] After the leadframe has been provided, the second surface 152 of the semiconductor

die 150 is attached to the first surface 1 1 1 of the die paddle 1 10 through the layer 160 of the die

attach material (Figure 3B). Thereafter, the bond pads 153 of the semiconductor die 150 are

electrically connected to the leads 130' through the use of the conductive wires 170 (Figure 3C).

As seen in Figure 3C, those leads 130' of each set other than for the outermost pair are each

electrically connected to two separate bond pads 153 through the use of two separate conductive

wires 170. The leads 130' of the outermost pair of each set are each electrically connected to a

single bond pad 153 through the use of a single conductive wire 170.

[0039] Subsequent to the electrical connection of the semiconductor die 150 to the leads 130'

through the use of the conductive wires 170, an encapsulant material is applied to the die paddle

110, the tie bars 120, the leads 130', the semiconductor die 150 and the conductive wires 170

(Figure 3D). As indicated above, the hardening of the encapsulant material facilitates the

formation of the package body 180 of the semiconductor package 100. In addition to the second

surface 1 12 of the die paddle 1 10 being exposed in and substantially flush with the lower surface

181 of the package body 180, the bottom surfaces of the leads 130' are also exposed in and

substantially flush with the lower surface 181.
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[0040] Subsequent to the formation of the package body 180, the isolation trenches 183 are

formed in the lower surface 181 of the package body 180 (Figure 3E). The isolation trenches

183 are formed in the lower surface 181 to a prescribed depth. As indicated above, the isolation

trenches 183 are arranged in the lower surface 181 in a generally quadrangular (e.g., square)

pattern. It is contemplated that the isolation trenches 183 will be formed through the

implementation of a sawing process. Due to the size and orientation of the isolation trenches

183, the formation thereof effectively divides the leads 130' other than for the outermost pair of

each set into the leads 130 of the inner set and the leads 140 of the outer set. Importantly, for

each of the leads 130' to which two conductive wires 170 are electrically connected, the

attachment points of the conductive wires 170 to each such lead 130' is such that subsequent to

the formation of the trenches 183, one conductive wire 170 of the pair extends to the first surface

13 1 of the resuhant lead 130, with the remaining conductive wire 170 of the pair extending to the

first surface 141 of the corresponding lead 140. The depth of the isolation trenches 183 is such

that the leads 130, 140 are in complete electrical isolation from each other.

[0041] Subsequent to the formation of the isolation trenches 183, a singulation step is

completed wherein at least the four comers of the package body 180 are cut to facilitate the

formation of the chamfers 182 thereon (Figure 3F). It is contemplated that such singulation will

be completed through the implementation of a punching operation. The punch singulation

process, in addition to facilitating the formation of the chamfers 182, may further effectively

separate the package body 182 from the package bodies 182 of other semiconductor packages

100 arranged in a common matrix. The singulation step effectively cuts or severs the tie bars

120 from the outer frame in a manner causing the outer end surfaces 124 thereof to be exposed in

and substantially flush with respective ones of the chamfers 1 82 in the above-described manner.

However, as a result of the flow of the encapsulant material of the package body 1 80 through the

aperture(s) 123 of each tie bar 120, occurrences of chip-out or cracking in the comers of the

package body 180 in the vicinity of the chamfers 182 is substantially prevented. In addition to

severing the tie bars 120 from the outer frame of the leadframe, the punching operation will also

typically facilitate the cutting or severing of the leads 140 from the outer frame of the leadframe,

thus resulting in the cut distal ends of the leads 140 being exposed in and substantially flush with

respective ones of the four side surface segments of the package body 180. As indicated above.
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a saw singulation process may be used as an alternative to the punch singulation process to

complete the fabrication of the semiconductor package 100.

[0042] Referring now to Figures 2A-2E, there is shown a semiconductor package 200

constructed in accordance with a second embodiment of the present invention. In Figures 2A-

2E, the 200 series reference numerals are used to identify elements corresponding to those

identified with the 100 series reference numerals in Figures lA-lE. The major distinction

between the semiconductor packages 100, 200 lies in the configuration of the package body 280

of the semiconductor package200 in comparison to the package body 180 of the semiconductor

package 100. More particularly, the package body 280 is formed to have a generally

quadrangular configuration, with recesses 282 being formed at each of the four comers thereof

Each of the recesses 282 is defined by a first recess wall 282a and a second recess wall 282b, the

first and second recess walls 282a5 282b being separated from each other at an angular interval of

approximately 90°, i.e., the second recess wall 282b extends in generally perpendicular relation

to the first recess wall 282a in each recess 282. As is best seen in Figures 2A, 2B, 2D and 2E, as

a result of the formation of the recesses 282 within the package body 280, portions of the outer

end surface 224 of each tie bar 220 are exposed in and substantially flush with each of the first

and second recess walls 282a, 282b of a respective one of the recesses 282. As will be described

in more detail below, the recesses 282 of the package body 280 are preferably formed as a result

of the design of the mold used to facilitate the formation of the package body 280. As a result,

the severing of the tie bars 220 and leads 240 from the outer fi-ame of the leadframe of the

semiconductor package 200 is completed by a singulation process (e.g., punching or sawing) as

will be discussed in more detail below.

[0043] Referring now to Figures 4A-4F, there is shown an exemplary sequence of steps

which may be used to facilitate the fabrication of the semiconductor package 200 of the second

embodiment of the present invention. In Figures 4A-4F, the 200 series reference numerals are

used to identify elements corresponding to those identified with the 100 series reference

numerals in Figures 3A-3F. In this regard, those steps of the fabrication methodology for the

semiconductor package 200 as shown in Figures 4A, 4B and 4C mirror those used in relation to

the semiconductor package 100 as shown and described above in relation to Figures 3A, 3B and

3C.
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[0044] In the process of fabricating the semiconductor package 200, subsequent to the

electrical connection of the semiconductor die 250 to the leads 230' through the use of the

conductive wires 270, an encapsulant material is applied to the die paddle 210, the tie bars 220,

the leads 230', the semiconductor die 250 and the conductive wires 270 (Figure 4D). The

hardening of the encapsulant material facilitates the formation of the package body 280 of the

semiconductor package 200. As indicated above, the mold design used to facilitate the

fabrication of the package body 280 is such that each of the four comers of the package body 280

includes on of the above-described recesses 282 formed therein. The second surface 212 of the

die paddle 210 and bottom surfaces of the leads 230' are exposed in and substantially flush with

the lower surface 281 of the package body 280. Outer, distal portions of each of the tie bars 220

(which do not include the above-described apertures 123) extend into and are thus exposed in

respective ones of the recesses 282.

[0045] Subsequent to the formation of the package body 280, the isolation trenches 283 are

formed in the lower surface 281 of the package body 280 (Figure 4E). The isolation trenches

283 are arranged in the lower surface 281 in a generally quadrangular (e.g., square) pattern. It is

contemplated that the isolation trenches 283 will be formed through the implementation of a

sawing process. Due to the size and orientation of the isolation trenches 283, the formation

thereof effectively divides the leads 230' other than for the outermost pair of each set into the

leads 230 of the inner set and the leads 240 of the outer set. Importantly, for each of the leads

230' to which two conductive wires 270 are electrically connected, the attachment points of the

conductive wires 270 to each such lead 230' is such that subsequent to the formation of the

trenches 283, one conductive wire 270 of the pair extends to the first surface 231 of the resultant

lead 230, with the remaining conductive wire 270 of the pair extending to the first surface 241 of

the corresponding lead 240. The depth of the isolation trenches 283 is such that the leads 230,

240 are in complete electrical isolation from each other.

[0046] Subsequent to the formation of the isolation trenches 283, a singulation step is

completed wherein the exposed portions of the tie bars 220 are cut or singulated (Figure 4F). It

is contemplated that such singulation will be completed through the implementation of a

punching or sawing operation. The completion of the singulation process effectively separates

the tie bars 220 from the outer frame of the leadframe, and results in portions of the end surfaces

224 of each tie bar 220 being exposed in and substantially flush with the first and second recess
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walls 282a, 282b, of the corresponding recess 282 in the above-described manner. This cutting

or singulation process, whether by punching or by sawing, will also typically be used to facilitate

the cutting or severing of the leads 240 from the outer frame of the leadframe. The cutting of the

leads 240 from the outer frame of the leadframe results in the distal ends of the leads 240 being

exposed in and substantially flush with respective ones of the four side surface segments of the

package body 280.

[0047] This disclosure provides exemplary embodiments of the present invention. The scope

of the present invention is not limited by these exemplary embodiments. Nvimerous variations,

whether explicitly provided for by the specification or implied by the specification, such as

variations in structure, dimension, type of material and manufacturing process may be

implemented by one of skill in the art in view of this disclosure.
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